INTRODUCTION
Land use change is currently extremely rapid and its consequences are more evident in the tropical regions, in part because of the disproportionate share of human population growth that is taking place in the tropics. Land clearing and conversion causes substantial loss of carbon and nitrogen and a lesser loss of sulphur and phosphorus from cleared sites in most regions. Climate change and increased nutrient deposition from the atmosphere will affect soils, plant productivity and biogeochemical cycles. The overall emphasis of the biogeochemistry is the terrestrial regulation of element pools, transformations, gains and losses as they are altered by components of global change.
In addition, there are a number of regions in which land-use and atmospheric composition and anticipated climate change are likely to alter the biogeochemistry of terrestrial ecosystems significantly and consequently to cause significant change on the riverine biogeochemistry. In many parts of the humid tropics the conversion of forests to agricultural use is having a profound ifmpact on biogeochemical cycles. The impact occurs in two phases: (i) the initial clearing of the forests, the techniques of which are important in determining the short-term alterations to biogeochemical cycles and (ii) the type and intensity of the subsequent agricultural use, which are critical in determining the longer-term effects.
? 1995 Blackwell Science Ltd. organic carbon (POC) from the Himalayan rivers is estimated to be about 7.6 and 9 million tons per year. High concentrations of P-P04 are found in all the Indian rivers, which may be due to human interference. Pronounced temporal and seasonal variation for DOC and P-P04 have been reported. The flux of P-P04 and particulate inorganic phosphorus (PIP) from the Indian rivers to the ocean is 19.5 X 1010 g yr-1 and 1.5 X 1012 g yr-1 respectively. Comparisons were made with the prominent world rivers. Key words. Carbon, phosphorus, fluxes, Indian rivers.
Rivers are a major means of transport of material including suspended sediment, organic matter and nutrients to the coastal zone. Transfer of biogenic elements (carbon, phosphorus and nitrogen) from the terrestrial environment to the ocean is a key link in their global cycle. It is increasingly being recognized that the rivers of Asia and Oceania carry large quantities of suspended matter-including nutrientsin their loads (Milliman & Meade, 1983; Meybeck, 1988; 1993) . According to Meybeck (1988) about 19 X 103 km3 of river water (51% of the world total) annually enters the coastal oceans in the wet tropics (Table 1) , which extend about 15? on either side of the equator. This water carries about 60% of the world total suspended load. Most enters from the Indo-Pacific archipelago, where high relief and rainfall produce high sediment yields (Milliman & Syvitsky, 1992) .
The dissolved loads of wet tropical rivers are important sources of organic carbon-65% (Table 1) of the world total (Meybeck, 1988; Spitzy & Leenheer, 1991) . However, direct measurements of nutrients-carbon, nitrogen and phosphorus in suspended and dissolved loads-are rather limited in Indian rivers (Subramanian & Ittekkot, 1991; Ittekkot et al., 1985) . To overcome some of these shortcomings, this study was undertaken to depict the transport of carbon and phosphorus from major peninsular and Himalayan rivers of India (Fig. 1) . (Table 2) , where a major portion of the sediment load is being deposited in dams located at river mouths. The rivers draining the Himalayas, particularly Ganges-Brahmaputra, have a very high sediment yield ( Table 2 ). The peninsular rivers Narmada, Godavari and Tapti are eroding at the rate of 500-800 tons km2 yr-1, which is very high when compared to many world rivers of similar climatic, topographic and geological conditions.
RIVER BASIN CHARACTERISTICS

CARBON, PHOSPHORUS TRANSPORT AND FLUX
It is expected that between 1970-2000 non-agricultural land use in India will expand from 16.2 to 26 ml ha-1, an increase of 60%. Globally, during 1900-90, the annual loss of forest area was 17-20 ml ha-1 and for India it is 1.3 ml ha-'. For India, during 1950-90, the net sown area increased by 17.8% (nearly all on marginal lands) and gross area by 38% disproportionate to investments on irrigation. Soil losses per hectare from erosion in cereal cropping varies from 30-40 tons of soil per ton of grain. Soil carbon pools have declined as additional crop residues and organic manures are abandoned, evidenced by a rise in carbon pool of the atmosphere. The annual abandonment of 4800-12,000 ha of cropland in India is reported to be due to severe soil erosion and degradation. The organic matter derived from land sources, such as agricultural runoff, soil erosion, land conversion and flooding, enter the natural waterways such as rivers and estuaries and finally into the world's oceans. Organic matter in natural waters covers a continuous size spectrum ranging from free monomers to large particles and is a heterogeneous mix of biochemicals, whose oxidation rates range from hours to thousands of years (Spitzy & Ittekkot, 1991) . Organic matter that upon filtration of a water sample is retained on a 0.45 ,um filter is termed POM (particulate organic matter). Similarly, the term POC, PON, POP and DOC, DON, DOP apply when considering the organic matter's carbon, nitrogen and phosphorus. Table 3 summarizes the dissolved and particulate carbon and inorganic (orthophosphate) and particulate phosphorus values. DOC and DOP normally represent 60% of the total load of organic carbon and phosphorus (Meybeck, 1982) , but as the river-suspended load increases, the POC and Carbon and phosphorus transport by Indian rivers 411 POP concentration becomes greater relative to DOC and DOP. Due to analytical difficulties, DOC and DOP are often ignored. The average DOC concentration for the Himalayan rivers varies from 3 mg 1-1 to 16 mg I1. Climate has a pronounced effect on DOC levels in rivers (Meybeck, 1982) . Concentrations of DOC in rivers range from less than 1 mg I11 in alpine streams to more than 20 mg I11 in some tropical or polluted rivers and rivers draining swamps and wetlands. Therefore, there is no natural standard composition of river water with which a given analysis can be compared. Meybeck (1993) estimated two global averages: the water discharge weighted natural composition (DWNC) is the average concentration of constituents in rivers flowing to ocean while the most common natural composition (MCNC) is defined as the median values on the distribution curve for species concentrations for major rivers (Meybeck & Helmer, 1989) . It is the concentration most likely to be found in rivers. For DOC the two global averages are very close (Table 3 ). For POC, the MCNC is 2% compared to DWNC of only 1%. This discrepancy is due to the decrease of POC content with increasing total suspended solids (Meybeck, 1982) .
Large Brahmaputra and Ganges-is estimated to be about 7.6 and 9 million tons per year (Table 4) (Table 1) coupled with high elevation of these rivers are the primary influencing factors for the increased flux rates. It can also be observed from Table  4 that the P-PO4 transport by the Himalayan rivers is three orders of magnitude higher than that of the Amazon (21.6 X IO' tons yr -1). High concentrations of P-PO4 are found in all rivers. According to the solubility of various phosphate minerals, such as fluorapatite, the P-PO4 levels should not exceed 0.05 ppm (Subramanian, 1984) . The reported high values therefore reflect addition from anthropogenic sources such as deforestation which increases ero- (Subramanian et al., 1985) indicates a very good correlation between Fe and PIP and Ca and PIP, indicating that these elements combine with phosphate anion to form P-minerals (Fisher, 1973) .
Based on average values of 0.13 mg I` P-P04 and PIP 940 ,g g-I and considering the water and sediment discharge (Table 2) , the flux of dissolved and particulate phosphorus from the Indian rivers to the ocean is 19 X 1010 g yr-1 and 1.5X 1012 g yr-1. The flux of P-P04 from Indian rivers is high, perhaps due to human interference with the natural geochemical cycle of phosphorus. It is evident from the present study that the global transport of carbon and phosphorus has been greatly increased by human activities. Meybeck (1982) estimates that the total river load of N has doubled and that for P has tripled over pre-industrial levels. These increases are not evenly distributed around the world; they are strongly correlated with human population and energy consumption in the drainage basin. Fig. 4 provides a schematic representation of the transport pathways of nutrients (carbon and phosphorus) to the world's oceans. The first approach emphasizes the losses of nutrients from land to the wetlands and the second approach emphasizes the transfer of these nutrients to the ocean. Nutrients are retained in the terrestrial ecosystems where they play an essential functional role in the biogeochemistry or are incorporated into organic matter. The pool of nutrients held in the soil and vegetation is many times larger than the annual receipt of nutrients from the atmosphere and rock weathering.
Annual mineralization, plant uptake and plant death result in a large internal cycling of elements in most ecosystems. Important biogeochemical reactions occur in rivers, transforming chemical elements during downstream transport. In estuaries and wetlands unique marsh vegetation exists, which traps organic materials within the system. Hence, primary productivity in the wetlands is very high and it is especially higher in the tropics. Despite temporary storage of nutrients in the wetlands and estuarine sediments, river waters are always a net source of nutrients to their estuary and coastal zone. Rivers are thus major inputs in the global budget of biogeochemical cycles to the oceans.
CONCLUSIONS
The biogeochemical cycles of carbon and phosphorus in rivers are intimately linked by the processes that occur in terrestrial ecosystems. In the present study, the major forcing functions that affect the riverine composition of C and P have been examined, with emphasis on major rivers of India. The results indicate that the rate of transport of DOC and POC in Indian rivers is estimated to be about 7.6-9 million tons yr-1. In the absence of accurate spatial and temporal data for DOC, serious gaps exist in understanding the carbon dynamics of the rivers. On the other hand the phosphate concentration in the Indian rivers is more than twice that observed for other world rivers. Such increased nutrient input into the riverine system emphasizes the imbalances and alterations in terrestrial sources. Thus the quantity and quality of nutrient input to the rivers needs to be monitored to cope with the existing and future climatic and environmental changes.
